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bstract
The rhizome of Acorus  calamus, an herb widely used in Indian system of medicine for many ailments including epilepsy, mental illness and
heumatism, was subjected to soxhlet extraction to elucidate antioxidant property of different solvent extracts using in  vitro  assays. The benzene
xtract was most potent in scavenging hydroxyl and superoxide radicals and in reducing 1,1-diphenyl-2-picryl hydrazyl and ferric reducing
ntioxidant power. In addition the benzene extract prevented oxidative damage to DNA and mitochondria. It was also effective in preventing stress
induced decrease in total plasma anti-oxidant activity as determined in  vivo  using rat model wherein stress was induced by exposing to restraint
nd forced swimming. The minimum effective dose of the benzene extract was 5 mg/kg body weight (oral), and at this dose, its effect was similar
o the same dose of a standard anti-oxidant, ascorbic acid. The study for the first time, clearly demonstrates a potent anti-oxidant activity of A.
alamus  combining in  vitro  and in  vivo  results. Hence, the therapeutic value of this herb maybe due to its anti-oxidant property.
 2016 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
The reactive oxygen species (ROS) and reactive nitrogen
pecies (RNS) are known to cause damage to lipids, proteins,
nzymes, and nucleic acids leading to cell or tissue injury and
re implicated in the processes of aging as well as in wide
ange of degenerative diseases viz.  cancer, atherosclerosis, dia-
etes, liver injury, Alzheimer, Parkinson, and coronary heart
athologies, etc.  [1,2]. Antioxidant based drugs and formula-
ions have appeared during last three decades [3]. Currently
vailable synthetic antioxidants like butylated hydroxyanisole
BHA), butylated hydroxytoluene (BHT), tertiary butylated
ydroquinon and gallic acid esters have been suspected to
ause or prompt negative health effects. Hence, strong restric-
ions have been imposed on their application and there is a
rend to substitute them with naturally occurring antioxidants.∗ Corresponding author at: Department of Health Technology and Informatics,
he Hong Kong Polytechnic University, Hong Kong. Tel.: +852 98208350.
E-mail address: devaki.chm@gmail.com (M. Devaki).
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oreover, these synthetic antioxidants also show low sol-
bility and moderate antioxidant activity [4]. The search
or natural antioxidants as alternatives is therefore of great
nterest.
Recent studies have shown that a number of plant products
ncluding polyphenols, terpenes and various plant extracts exert
n antioxidant action [5,6]. Our present study focuses on one of
he most potent Indian medicinal herb Acorus  calamus  (vacha or
weet flag or buch plant) for its antioxidant property. It belongs
o Acoraceae family and has been used in the Indian and Chinese
ystem of medicine for several decades to treat diseases, espe-
ially the central nervous system (CNS) abnormalities [7,8]. The
hizome of this plant is widely used in the treatment of several
ilments like epilepsy, mental ailments, chronic diarrhea, dysen-
ery, bronchial catarrh, intermittent fevers glandular, abdominal
umors, kidney and liver troubles, rheumatism, sinusitis and
czema [9]. However, there is scanty information on antioxi-
ant properties of A.  calamus  and it is not known whether it
as DNA protective activity. Hence, the aim of this study was to
etermine the antioxidant potential of A.  calamus  using different
olvent extracts of rhizome using in  vitro  assays including DNA
rotection.
lsevier B.V. All rights reserved.
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After incubation 1 mL each of TCA and TBA was added and
again incubated at 100◦ C for 20 min and control was preparedM. Devaki et al. / Food Science 
Stress leads to hyper secretion of glucocorticoids [10] and an
ncreased secretion of glucocorticoids (GCs) results in overpro-
uction of reactive oxygen species [11] and leads to oxidative
amage [12]. Hence there is a need to prevent stress induced
xidative damage. Several studies demonstrate suppression of
ong term stress-induced oxidative damage following adminis-
ration of herbal extracts [13,14]. Thus far there is no information
s to whether the altered antioxidant status due to short term
tress exposure is prevented by herbal extracts. Earlier we have
eported that acute stress i.e.  1 h exposure of adult male rats to
estraint followed by forced swimming for 15 min after a gap
f 4 h alters the antioxidant status [15]. Hence this is a good
odel for speedy assessment of total antioxidant activity in  vivo.
he present study using this model investigates whether benzene
xtract of rhizome prevents stress induced changes in antioxidant
tatus using total antioxidant assay.
.  Materials  and  methods
.1.  Chemicals
L-ascorbic acid, gallic acid, 1,1-diphenyl-2-picryl hydrazyl
DPPH), ethylene diamine tetra acetic acid (EDTA), nitro
lue tetrazolium (NBT), -nicotinamide adenine dinu-
leotide (-NADH), ferric chloride (FeCl3), ferrozine,
richloroacetic acid (TCA), ferric chloride, guanidine
ydrochloride, 5-methylphenazinium methosulphate (PMS),
,4-dinitrophenylhydrazine (2,4-DNPH), hydrogen peroxide
H2O2), dichlorofluorescein (DCF), 2′,7′ dichlorofluorescein
iacetate (DCF-DA) and 2,4,6 tripyridyl-s-triazine (TPTZ)
ere purchased from E. Merck India.
.2.  Experimental  animals
Adult male Wistar rats (25) weighing 180–200 g were
btained from the inbred colony of the central animal facility of
he University of Mysore and were maintained (2 or 3 rats/cage)
nder 12 h:12 h light and dark cycle. The animals were provided
tandard rat chow and water ad  libitum.  The experimental proto-
ols were approved by the Institutional animal ethics committee.
.3.  Plant  material  and  preparation  of  the  extracts
The rhizome of the A.  calamus  was shade dried and a coarse
owder was prepared (particle size ∼0.25 mm) and was sub-
ected to successive extraction using solvents with increasing
olarity viz.  petroleum ether, benzene, chloroform, ethanol, cold
ater, hot water and 0.2 N sodium hydroxide (NaOH) by con-
inuous percolation process in a soxhlet apparatus. The aqueous
xtract was prepared by maceration with water. Each extract
as concentrated by distilling off the solvent and evaporating to
ryness followed by dissolution in rectified spirit..4.  Determination  of  percentage  of  inhibition
Efficacy of A.  calamus  extracts at different concentrations
0.02, 0.04, 0.06, 0.08 and 0.1 mg/mL) was measured as
w
a
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ercentage of inhibition of free radicals generation in  vitro
ssays involving superoxide, hydroxyl, and DPPH radicals and
errous ion chelating activity. The inhibition percentage (I%)
as calculated using the formula (Eq. (1)),
% = (Ac − As)
Ac
×  100 (1)
here Ac is the absorbance of the control; As is the absorbance
f the sample containing plant extract.
.5.  In  vitro  anti-oxidant  assays:  1,1-diphenyl-2-picryl
ydrazyl  (DPPH)  radical  scavenging  activity
Reduction of DPPH radical by an antioxidant results in the
oss of absorption at 517 nm [16]. Each extract (0.3 mg/mL) of A.
alamus was mixed with 5 mL of 0.1 mmol/L methanolic solu-
ion of DPPH and incubated at 20◦ C for 20 min in darkness.
he control was prepared without plant extract and methanol
as used for the base line correction. Then the absorbance of the
ample was measured at 517 nm. The difference in absorbance
etween control and plant extract mixed samples indicated
educing activity of the extracts.
.6.  Superoxide  anion  radical  scavenging  activity
The superoxide anion scavenging activity of the extracts
as determined by using Liu [17] method. Methylphenazinium
ethosulphate and -nicotinamide adenine dinucleotide were
llowed to react to generate superoxide anions which were
educed by NBT. Reaction mixture contained 3 mL Tris HCl
uffer (100 mmol/L, pH 7.4), 0.75 mL of NBT (300 mol/L)
olution, 0.75 mL of NADH (936 mol/L) and 0.3 mL of dif-
erent concentrations (0.02, 0.04, 0.06, 0.08 and 0.1 mg/mL) of
ach A.  calamus  extract. Reaction was started by adding 0.75 mL
f PMS (120 mol/L). The mixture was allowed to stand for
 min at room temperature. The absorbance was read at 560 nm.
he difference in absorbance between control and plant extract
ixed samples indicated scavenging activity of the extracts.
.7.  Hydroxyl  radical  scavenging  activity
Inhibition of hydroxyl radical (OH•) mediated peroxidation
as carried out by deoxyribose assay [18]. The reaction mixture
ontained different concentrations (0.02, 0.04, 0.06, 0.08 and
.1 mg/mL) of each extract, 50 l of deoxyribose (2.8 mmol/L)
n KH2PO4 NaOH buffer (50 mmol/L pH 7.5), 200 l of FeCl3
100 mmol/L), 104 mmol/L EDTA, ascorbic acid (100 mmol/L)
nd 50 l H2O2 (4 mmol/L). The final reaction volume was made
p to 1 mL with distilled water and incubated at 37◦ C for 1 h.ithout plant extract. The mixture was allowed to cool and the
bsorbance was read at 532 nm. The difference in absorbance
etween control and extract mixed samples indicated reducing
ctivity of the extracts.
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.8.  Assay  for  ferric  reducing  antioxidant  power  (FRAP)
The FRAP assay was performed according to the method of
enzie and Strain [19]. The FRAP reagent contained 2.5 mL
f a 10 mmol/L TPTZ solution in 40 mmol/L HCl, 2.5 mL
f 20 mmol/L FeCl3·6H2O and 25 mL of 300 mmol/L acetate
uffer (pH 3.6). It was freshly prepared and warmed at 37 ◦C.
he reaction mixture contained 900 l FRAP reagent, 90 l
ater and 30 l of one of the different concentrations (0.1, 0.2
nd 0.3 mg/mL) of A. calamus  extract and control was prepared
ithout plant extract. The reaction mixture was incubated at
7 ◦C for 30 min and the absorbance was measured at 593 nm.
he standard curve was prepared by using different concen-
rations of FeSO4 (10–100 mol/L) and concentrations of the
ifferent samples were estimated using standard curve.
.9.  Ferrous  ion-chelating  assay
The ferrous ion chelating activity can be used to assay the
ntioxidants and it is measured by the decrease in the absorbance
t 562 nm of the iron (II) and ferrozine complex [20]. Each
xtract (2 mL) was mixed with 3.7 mL of methanol and 0.1 mL
f 2 mmol/L FeCl2. The reaction was initiated by addition of
.2 mL of 5 mmol/L ferrozine and control was prepared with-
ut plant extract. After 10 min incubation at room temperature,
he absorbance was measured at 562 nm. Methanol was used
nstead of plant extract in control system. Methanol (0.2 mL)
nstead of ferrozine solution was used as a sample blank, for error
orrection because of unequal color of the sample solutions.
.10.  Mitochondrial  preparation
The liver was washed with saline, weighed and put into
ce-cold isolation buffer containing 0.25 mmol/L sucrose,
0 mmol/L Tris, 0.5 mmol/L ethylenediaminetetraacetic acid
EDTA), pH 7.4. The tissue was carefully minced and rinsed
o remove residual blood, and then homogenized in 2.5 volumes
f isolation buffer. The homogenate was adjusted to 8 volumes
ith isolation buffer and centrifuged at 1000 ×  g for 10 min.
he resultant supernatant fraction was decanted and saved and
he pellet was washed once with 2 volumes of isolation buffer
nd the supernatant was centrifuged at 10,000 ×  g  for 10 min.
he mitochondria in the pellet obtained by the 10,000 ×  g  cen-
rifugation were resuspended with isolation buffer followed by
ashing twice with the buffer. All of the above operations were
arried out at 4 ◦C. The mitochondrial protein content was deter-
ined by using bovine serum albumin (BSA) as the standard.
resh mitochondria were used immediately for reactive oxygen
pecies (ROS).
.11.  ROS  assay  with  DCF-DA  in  isolated  rat  liver
itochondriaIsolated liver mitochondria (0.25 mg) were added to 100 l
f isolation buffer in a 96 well plate and allowed to warm at
oom temperature for 5 min. Then 10 l of FeSO4 (15 mmol/L)
nd 10 l of ascorbic acid (6 mmol/L) and 10 l of DCFDA were
v
auman Wellness 5 (2016) 76–84
dded and then incubated with or without extract (concentrations
t 0.02, 0.04, 0.06, 0.08 and 0.1 mg/mL plant extract) for 30 min
t 37 ◦C. ROS generation was recorded fluorimetrically for
0 min with an excitation wavelength of 488 nm and an emission
avelength of 525 nm by micro plate fluorometer. ROS lev-
ls were quantified from a dichlorofluorescein (DCF) standard
urve and expressed as pmol DCF formed/min/mg protein [21].
.12.  DNA  protection  assay
DNA protection assay was performed using supercoiled
BR322 plasmid DNA as per the method described by Lee
t al. [22]. A mixture of 10 l of plant extract and plasmid DNA
0.5 g) were incubated for 10 min at room temperature fol-
owed by the addition of 10 l of Fenton’s reagent (30 mmol/L
2O2, 50 mol/L ascorbic acid and 80 M FeCl3). The final
olume of the mixture was made up to 20 l and incubated for
0 min at 37 ◦C. The DNA was analyzed on 1% agarose gel
sing ethidium bromide staining.
.13.  Total  phenolic  content
Total phenol content was determined by Folin Ciocalteu
eagent [23]. Each plant extract (0.1 mL) or gallic acid (standard)
as mixed with Folin Ciocalteu reagent (5 mL, 1:10 diluted with
istilled water) and aqueous Na2CO3 (4 mL, 1 mol/L). The mix-
ure was allowed to stand for 10 min and the absorbance was
easured at 765 nm. Total phenol content was estimated com-
aring the absorbance of samples (plant extracts) with gallic acid
standard) and expressed as gallic acid equivalent (mg)/g of dry
ass of extract.
.14.  In  vivo  antioxidant  action  of  benzene  extract
This experiment was conducted to find out the effect of ben-
ene extract of A.  calamus  on stress induced alterations in total
ntioxidant activity using FRAP assay. Adult male rats were
andomLy segregated into 6 groups (n  = 5 rats/group). The rats
n first group served as controls and those in second group were
xposed to stressors [24], restraint for 1 h and after 4 h inter-
al to forced swimming for 15 min. Third, 4th and 5th group of
ats were administered with 5, 10 and 20 mg/kg body weight of
enzene extract of A.  calamus  in 0.1 mL of carboxy methyl cel-
ulose (CMC), respectively, prior to exposure to stressors similar
o group 2. The 6th group rats received vitamin C (5 mg/kg body
eight) prior to exposure to stress regime. The blood samples
ere collected at 0 h, 2 h after restraint and 4 h after forced swim-
ing exercise in all rats by tail snipping and used for the FRAP
ssay. The FRAP assay was conducted as described for in  vitro
ssay (2.5.4), replacing the plant extracts with same volume of
he plasma of rats from different experimental groups.
.15.  Statistical  analysisMean value of each parameter was computed considering
alues of 3 assays/in  vitro  method and 5 rats/group in vivo  assay
nd expressed as mean ±  SEM. The mean values of different
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dig. 1. Effect of different extracts of A. calamus on reduction of DPPH. Values
re mean ± SD of three assays.
roups of each parameter were compared by one way analysis
f variance (ANOVA) followed by Duncan’s multiple test and
udged significant p < 0.05.
.  Results
.1.  DPPH  radical  scavenging  activity
The petroleum ether and benzene extracts at 0.3 mg/mL
howed strong radical scavenging activity with percentage
ecrease of 51.0% and 71% respectively, whereas, chloroform,
lcohol, cold water, hot water and NaOH extracts showed rela-
ively poor free radical scavenging activity of 28.23%, 48.02%,
3.5%, 21.4%, 22.4% and 23.9%, respectively (Fig. 1).
.2.  Superoxide  scavenging  activity
Extracts of A.  calamus  scavenged the superoxide radicals
enerated by photoreduction of riboflavin and there was an
ncrease in percentage of inhibition with increase in concen-
ration of the extract. None of the extracts caused 50% or more
nhibition of superoxide generations at 0.02 and 0.04 mg/mL
oncentrations whereas benzene and alcoholic extracts caused
50% inhibition at 0.06 mg/mL and above. Cold and hot water
a
e
w
<
able 1
nhibitory effect of different solvent extracts of A. calamus on superoxide anion radic
ype of extract % Inhibition of superoxide anion radical generation at diff
0.02 0.04 
etroleum ether Nil Nil 
enzene 42.9 ± 1.5e 47.5 ± 4.5e
hloroform 31.05 ± 0.8d 34.7 ± 2.3c
lcohol 39.6 ± 1.4e 48.01 ± 0.9e
old water 21.7 ± 0.43c 38.4 ± 1.4c,d
ot water 31.5 ± 1.6d 46.8 ± 0.9e
aOH 39.15 ± 0.8e 39.5 ± 0.6d
q. crude 8.3 ± 2.5b 16.5 ± 1.9b
-value
f – 7, 23
128.23
p < 0.01
163.96
p  < 0.01
ll values are mean of three assays ± SEM.
alues with same superscript lowercase letters are not significantly different wherea
ifferent as judged by Duncan’s multiple test.uman Wellness 5 (2016) 76–84 79
nd NaOH extracts caused >50% inhibition at 0.08 mg/mL and
 mg/mL concentrations (Table 1). Extract of benzene showed
he highest scavenging activity with IC50 value of 0.042 mg/mL
ompared with chloroform, alcohol, cold water, hot water and
aOH wherein IC50 values were found to be 0.088, 0.05, 0.076,
.073 and 0.093 mg/mL, respectively.
.3.  Hydroxyl  radical  scavenging  activity
The degradation of deoxyribose mediated by hydroxyl radical
enerated by Fe3+/ascorbate/EDTA/H2O2 system was inhibited
y A.  calamus  extracts. None of the extracts had 50% or more
ydroxyl ion generation inhibition activity at 0.02, 0.04 and
.06 mg/mL concentrations. Chloroform and benzene extracts
aused >50% inhibition at 0.8 mg/mL and it was still higher at
.1 mg concentration, whereas alcoholic, cold water and crude
queous extracts caused <50% inhibition at 0.1 mg/mL (Table 2).
he IC50 values were found to be 0.095, 0.066, 0.078, 0.1,
.1 and 0.088 mg/mL for petroleum ether, benzene, chloroform,
lcohol, cold water and aqueous crude extracts respectively.
.4.  Ferric  reducing  antioxidant  power  (FRAP)
The antioxidant potentials of the different extracts of A. cala-
us were estimated from their ability to reduce TPRZ-Fe (III)
omplex to TPTZ-Fe (II). The benzene, chloroform and crude
queous extracts showed an increase in antioxidant potential
total reducing ability of antioxidants) with increase in concen-
ration of extracts (Table 3). Other extracts did not show reducing
bility in this assay.
.5.  Ferrous  ion-chelating  assay
Fe2+ ion chelating ability of different extracts of A.  calamus
re shown in Fig. 2. The cold and NaOH extracts showed high-
st Fe2+ ion chelating ability 66.6% and 58.6% at 0.3 mg/mL
hereas, in remaining extracts Fe2+ ion chelating ability was
50% inhibition.
al generation.
erent concentrations of extracts (mg/mL)
0.06 0.08 0.1
0.6 ± 0.2a 12.1 ± 0.9a 17.4 ± 0.4a
52.7 ± 1.1e 71.1 ± 1.3f 75.8 ± 2.1f
43.4 ± 1.3c 48.4 ± 0.9c,b 52.2 ± 1.2c,d
56.8 ± 1.4f 57.5 ± 1.4e 60.6 ± 0.5e
43.3 ± 1c 53.3 ± 2.3c,d,e 58.1 ± 2.1d,e
45.1 ± 0.9c 52.6 ± 2.07c,d 55.8 ± 2.1d,e
49.1 ± 0.8d 51.4 ± 1.3c,d 47.2 ± 2.3b,c
19.5 ± 0.6b 40.8 ± 1b 44.3 ± 1.2b
340.7
p < 0.01
128
p  < 0.01
98.2
p  < 0.01
s, those with different superscript lowercase letters are significantly (p < 0.01)
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Table 2
Inhibitory effect of different solvent extracts of A. calamus on generation of hydroxyl radical.
Type of extract % Inhibition of hydroxyl anion radical generation at different concentrations of extracts (mg/mL)
0.02 0.04 0.06 0.08 0.1
Petroleum ether Nil 25.8 ± 1.3a 31.3 ± 0.7a 39.6 ± 0.5a,b 54.4 ± 1.8c,d
Benzene 27.7 ± 0.9c,d 34.3 ± 1.7b 46.9 ± 0.8d 57.6 ± 1.2e 66.7 ± 1.2e
Chloroform 9.56 ± 4.8b 25.9 ± 1.2a 42.1 ± 2.4b,c,d 54.1 ± 1.9d,e 59.1 ± 0.8d
Alcohol 22.03 ± 0.6c 27.5 ± 0.7a 34.8 ± 2.6a,b,c 42.4 ± 1.4b,c 50.5 ± 1.2b,c
Cold water 24.5 ± 1.1c 28.5 ± 0.4a 36.3 ± 5.7a,b,c 42.7 ± 3.9b,c 50.6 ± 0.5b,c
Hot water 19.2 ± 4.9c 25.7 ± 1.9a 39.7 ± 2.1a,b,c,d 42.6 ± 1.6b,c 45.5 ± 6.3a,b
NaOH 22.45 ± 3.3c 29.3 ± 3.6a,b 34.3 ± 4.4a,b 35.9 ± 1.6a 41.0 ± 0.9a
Aq. crude 34.93 ± 5.4d 41.9 ± 2.7c 44.8 ± 2.6c,d 48.5 ± 1c,d 51.6 ± 0.7b,c,d
F-value
df – 7, 23
13.28
p < 0.01
9.63
p < 0.01
3.108
p < 0.02
14.09
p  < 0.01
10.1
p < 0.01
All values are mean of three assays ± SEM.
Values with same superscript lowercase letters are not significantly different whereas, those with different superscript lowercase letters are significantly (p < 0.01)
different as judged by Duncan’s multiple test.
Table 3
Ferric reducing antioxidant power (FRAP) of different solvent extracts of A. calamus.
Type of extract FRAP value (mol/l FeSO4) at different concentrations (mg/mL) of extracts
0.1 0.2 0.3
Benzene 2869 ± 104c 4975.9 ± 56b 5694.7 ± 100c
Chloroform 1290.9 ± 104a 3649.5 ± 399c 5185.4 ± 175b
Aqueous crude 1891.5 ± 155b 2701.7 ± 82a 3301.8 ± 102a
F-value
df – 2, 6
27.57
p < 0.01
23.05
p  < 0.01
77.9
p  < 0.02
All values are mean of three assays ± SEM.
Values with same superscript lowercase letters are not significantly different whereas, those with different superscript lowercase letters are significantly (p < 0.01)
d
N OH ex
3
m
c
o
c
e
t
e
F
a
p
c
3
extracts with respect to standard Gallic acid. The petroleumifferent as judged by Duncan’s multiple test.
ote: Other extracts viz. petroleum ether, alcohol, cold water, hot water and Na
.6.  Effects  on  ROS  generation  in  isolated  liver
itochondria
The amount of DCF formed was reduced with increasing
oncentrations of different A.  calamus  extracts. Lowest amount
f ROS was formed with benzene extract at all concentrations
ompared to all other extracts which was followed by petroleum
ther and chloroform extracts i.e.  the antioxidant potency of
hese three extracts was benzene > petroleum ether > chloroform
xtract (Table 4). Other extracts although showed antioxidant
ig. 2. Ferrous ion chelating activity of different extracts of A. calamus. Values
re mean ± SD of three assays.
e
h
F
mtracts did not show antioxidant action.
ower in majority of cases the inhibition was less compared to
ontrol.
.7.  Total  phenolic  content
Fig. 3 shows total phenolic content of different A.  calamusther, benzene and chloroform extracts of A.  calamus  showed
ighest total phenolic content and it was 35 mg/g, 40 mg/g and
ig. 3. Total phenol content in different extracts of A. calamus. Values are
ean ± SD of three assays.
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Table 4
Effect of different solvent extracts of A. calamus on free radical scavenging activity in isolated hepatic mitochondria.
Type of extract pmol DCF formed/min/mg protein at different concentrations of extracts (mg/mL)
0.02 0.04 0.06 0.08 0.1
Control 378.86 ± 20.4a
Petroleum ether 177.83 ± 10e,f 161.3 ± 2.9d 149.9 ± 5.4e 139 ± 0.9e 117.9 ± 6.8e,f
Benzene 157.2 ± 1.1f 143.9 ± 2.8e 129.3 ± 3.4e 118.7 ± 0.6f 107.4 ± 6f
Chloroform 191.6 ± 4.4e 172.5 ± 3.6d 167.2 ± 4c,d 154.6 ± 1.7e 137.3 ± 4.1e
Alcohol 233.5 ± 10.4d 205 ± 5.2c 193.8 ± 1.3c 185.8 ± 1.3d 163.8 ± 1.7d
Cold water 370.9 ± 4.3a 321.8 ± 6.3a 295.2 ± 0.6a 285.5 ± 7.3a 245.4 ± 5.6a
Hot water 283.9 ± 2.9c 276.6 ± 1.1b 262.7 ± 3b 228.6 ± 7.2b 221.9 ± 15.4b
NaOH 287.3 ± 10.3c 280.6 ± 8.2b 257.4 ± 8b 220.3 ± 10.3b,c 201 ± 5c
Aq. Crude 333.8 ± 7.4b 291.9 ± 7.6b 259.4 ± 24.3b 210.2 ± 7.6c 196.3 ± 3.5c
F-value
df – 7, 23
74.28
p < 0.01
399.8
p  < 0.01
104.5
p < 0.01
218.9
p  < 0.01
121.5
p  < 0.01
All values are mean of three assays ± SEM.
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Falues with same superscript lowercase letters are not significantly different w
ifferent as judged by Duncan’s multiple test.
5 mg/g respectively, calculated as Gallic acid equivalent of phe-
ol. The total phenolic content of other extracts were 15 mg/g
alcohol), 10 mg/g (cold water), 18 mg/g (hot water), 16 mg/g
NaOH) and 18 mg/g (aqueous crude) respectively.
.8.  DNA  protecting  activity
Fig. 4 shows protective effects of different solvent extracts
f A.  calamus  against oxidative damage (nicks) of DNA which
as studied on plasmid DNA pBR322. The lane-1 shows normal
lectrophoretic pattern of plasmid DNA. The lane 2 shows DNA
icks induced by Fenton reagent. The lanes 3–10 show marked
eduction in the nicks in DNA induced by Fenton reagent and
ncrease in native form of DNA. The petroleum ether, benzene,
hloroform, alcohol and NaOH extracts were more effective in
educing Fenton reagent induced formation of nicks in DNA
nd in increasing native form of DNA compared with other
ig. 4. Protective effects of different extracts of rhizome of A. calamus on DNA
amage caused by Fenton reagent. Lane 1, native pBR322 DNA; lane 2, Fenton’s
eagent + DNA; lanes 3–10 Fenton’s reagent + DNA + one of the extracts of A.
alamus, i.e. lane 3, petroleum ether; lane 4, benzene; lane 5, chloroform; lane
, alcohol; lane 7, cold water; lane 8, hot water; lane 9, NaOH and lane 10, crude
queous extract.
4
t
o
o
v
i
c
a
f
c
i
e
t
m
i
a
v
e
ds, those with different superscript lowercase letters are significantly (p < 0.01)
xtracts. Cold water extract was least effective in preventing
NA damage.
.9.  Total  anti-oxidant  potential  in  stressed  rat  (in  vivo
ssay)
There was a significant decrease in the total antioxidant
ctivity in stressed rats after 2 h of restraint which was further
ecreased 4 h after forced swimming compared to controls. Ben-
ene extracts (5, 10 and 20 mg/kg body weight) of A.  calamus
s well as 5 mg kg/body weight of vitamin C treated stressed
ats showed significantly higher plasma total antioxidant activ-
ty compared with stressed rats either 2 h after RS or 4 h after
S and it did not significantly differ from controls (Table 5).
.  Discussion
The present study clearly demonstrates anti-oxidant poten-
ial of A.  calamus  extracts as shown by inhibition of generation
f free radicals, protection of DNA and mitochondria from
xidative damage as revealed by different in  vitro  assays and pre-
ention of stress induced loss of anti-oxidant capacity through
n vivo  assay.
Reactive oxygen species (ROS) including superoxide radi-
als, hydroxyl radicals, hydrogen peroxide and singlet oxygen
re often generated as products of biological reactions or derived
rom exogenous factors. The ROS play an important role in
ell metabolism including energy production, phagocytosis and
ntercellular signaling [25] and damage cells when present in
xcess. However, antioxidants scavenge the ROS to prevent
heir deleterious effects. There are enzymatic and non-enzymatic
echanisms that maintain a balance in the oxidant and antiox-
dant activities. However, imbalance between oxidant and
ntioxidant systems leads to oxidative stress which results in the
ariety of pathological effects such as DNA damage, carcinogen-
sis and various degenerative disorders such as cardiovascular
iseases, aging and neuro-degenerative diseases [1,2].
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Table 5
Effect of different concentrations of benzene extract of the rhizome of A. calamus on plasma total antioxidant activity in vivo.
Groups Plasma FRAP value (mol/l FeSO4)
0 h 2 h after RS 4 h after FS
Controls 1507.5 ± 82a 1544 ± 37a 1515.9 ± 75a
Stress 1480.6 ± 39a 948 ± 102b 636.3 ± 3.5b
Stress + 5 mg/kg bw benzene extract 1527.9 ± 81a 1495 ± 141a 1305.8 ± 60a
Stress + 10 mg/kg bw benzene extract 1492.8 ± 92a 1393.2 ± 139a,b 1468.6 ± 277a
Stress + 20 mg/kg bw benzene extract 1524 ± 48a 1578.7 ± 165a 1066.1 ± 66b
Stress + 5 mg/kg bw Vitamin C 1544 ± 49a 1366.6 ± 178a,b 1533.4 ± 267a
F-value
df – 5, 29
0.074
p  < 0.99
1.860
p < 0.149
3.031
p  < 0.035
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alues with same superscript lowercase letters are not significantly different w
ifferent as judged by Duncan’s multiple test.
Many plants were used for antioxidant activity for instance,
cacia auriculiformis,  Aegle  marmelos,  Campanula  alliari-
folia, Dimocarpus  Longan,  Gracilaria  changii,  Hyphaene
hebaica, Kappaphycus  alvarezii,  Mangifera  indica,  Parmelia
axatilis,  Rosmarius  ofﬁcinalis,  etc.  reported to have anti-
xidant property [26]. The Indian medicinal herb, A.  calamus, is
 time tested and easily available herb in Asian region. Methanol
27,28], ethanol and hydro-alcoholic [29] extracts of A.  cala-
us are known to possess antioxidant activity as determined by
PPH method. In these studies only total antioxidant activity
DPPH method) was demonstrated whereas other scavenging
ctivities and DNA and mitochondria protective effects, if any
ere not considered. The present study demonstrates that anti-
xidant property of A.  calamus  is due to combined effects of
ifferent anti-oxidant mechanisms. Due to complex nature of
hytochemicals a single method can not evaluate antioxidant
ctivity of herbs. There are several ways antioxidants act i.e. by
onating hydrogen to radicals, metal chelating ability, free rad-
cal scavenging activity, reducing power, and quenching singlet
xygen. But unfortunately, most of the assay methods measure
ny one of these activities. Hence, multiple antioxidant methods
re required to reach the conclusion.
DPPH method is a stable free radical system and a very sen-
itive way to determine the in  vitro  antioxidant activity of plant
xtracts [30]. The efficacies of anti-oxidants are often associated
ith their ability to scavenge stable free radicals. The petroleum
ther and benzene extracts of A.  calamus  showed a higher free
adical scavenging activity compared to other extracts in the
resent study in DPPH assay, indicating their potent anti-oxidant
roperty. The DPPH assay also suggested that the A.  calamus
ontained compounds that are capable of donating hydrogen to a
ree radical in order to remove odd electron, which is responsible
or the radical’s reactivity.
Superoxide anion is an oxygen-centered radical with selec-
ive reactivity and it is produced by a number of enzyme
ystems in auto-oxidation reactions and by non-enzymatic elec-
ron transfers that univalently reduce molecular oxygen. Here,
enzene extract showed higher superoxide radical scavenging
ctivity compared to other extracts. The probable mechanism
f scavenging the superoxide ions is inhibition of generation of
uperoxide radicals in the in  vitro  reaction mixture.
o
o
rs, those with different superscript lowercase letters are significantly (p < 0.01)
The hydroxyl radical is highly reactive oxygen radical
ormed from the reactions of various hydroperoxides with tran-
ition metal ions. It attacks proteins, DNA, polyunsaturated
atty acids in membranes [31], abstracts hydrogen atoms from
embrane lipids [32] and brings about peroxidic reaction of
ipids. Hydroxyl radicals may cause fragmentation of sugar
n DNA and DNA strand breaks [33]. The benzene extract
f A.  calamus  caused inhibition of generation of hydroxyl
adicals and the process was enhanced with increasing concen-
ration of extracts and it caused maximum inhibition with low
oncentration compared to other extracts in the present experi-
ent.
FRAP assay measures the reducing ability of antioxidants
gainst oxidative effects of reactive oxygen species. The antiox-
dant potential is estimated by ability of anti-oxidants to reduce
PRZ-Fe (III) complex to TPTZ-Fe (II). Total antioxidant power
ay be considered analogous to total reducing power. In the
urrent study chloroform and benzene extracts of A. calamus
xhibited greater total antioxidant power in FRAP assay com-
ared to crude aqueous extract whereas other extracts did not
how anti-oxidant activity.
Metal chelating capacity is claimed as one of the antioxidant
echanisms since it reduces the concentration of the catalytic
ransition metal in lipid peroxidation. The iron chelating capac-
ty test measures the ability of antioxidants to compete with
errizone in chelating ferrous ions [34]. In the presence of sam-
les possessing chelating activity, the formation of complexes is
ecreased. Among the eight extracts of A.  calamus, cold water,
aOH and crude aqueous extracts showed a higher chelating
ctivity and the lowest activity was found in chloroform extract.
he cold water extract showed maximum chelating activity
hen compared with other extracts.
Phenolic compounds may contribute directly to antioxidant
ction. It is reported that phenolic compounds have inhibitory
ffects on mutagenesis and carcinogenesis in humans [35].
olyphenols are potential protecting agents against lethal effects
f oxidative stress and offer protection of DNA by chelating
edox-active transition metal ions [36]. Here, the benzene extract
f A.  calamus  had the highest phenolic content compared with
ther extracts. Similarly, the benzene extract exhibits high free
adical scavenging action. Hence high anti-oxidant potential of
and H
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enzene extract might be due to high free radical scavenging
ction coupled with high phenol content.
Hydroxyl radicals generated by the Fenton reaction cause
xidation induced breaks in DNA strands to yield its open cir-
ular or relaxed forms. Exposure of plasmid DNA to Fenton’s
eagent ultimately results in DNA strand breaks, mainly due to
he generation of hydroxyl radical and subsequent free radical-
nduced reaction in plasmid DNA. Hydroxyl radicals react with
itrogenous bases of DNA producing base radicals and sugar
adicals. The base radicals in turn react with the sugar moi-
ty causing breakage of sugar phosphate backbone of nucleic
cids resulting in strand breaks. Different extracts of A.  calamus
xcept the cold water extract showed DNA damage protecting
ctivity in our present study. A higher DNA protection activity
as found in the petroleum ether, benzene, chloroform, alcohol
nd NaOH extracts compared with other extracts. The DNA pro-
ective activity of A.  calamus  may be due to high hydroxyl radical
cavenging action of the extracts, as hydroxyl radicals are major
NA damaging radicals. In addition high phenolic content of
he extracts might also contribute for DNA protection.
It is well documented that mitochondria are the major source
f intracellular ROS. The major single-organ oxygen consumers
re the liver and brain, consuming 20.4% and 18.4%, respec-
ively. Therefore, the liver mitochondria serve as an optimal sub
ellular system to evaluate the efficacy of the antioxidants. In
he current study, the impact of antioxidant activity of A.  cala-
us on the biological system was investigated in isolated rat
iver mitochondria by creating oxidative stress using FeSO4 and
scorbic acid. We observed a decrease in the mitochondrial ROS
roduction in the presence of benzene extract of A.  calamus
ompared to other extracts.
It is to be noted that the benzene extract of A.  calamus  has
ost potent antioxidant property as it was effective in all in
itro assays excepting ferrous iron chelating action, whereas
ther extracts did not exhibit anti-oxidant action on par with
his extract. However in  vitro  studies have to be supported by
n vivo  observations to determine whether extract has ability for
ntioxidant action in biological system. Hence, the antioxidant
otential has to be tested in  vivo  by creating oxidative stress.
ince benzene extract was more potent, it was tested for anti-
xidant action in  vivo.
There are many studies on antioxidant activity of A.  calamus
or instance, the ethanolic extract prevented acrylamide-induced
ind limb paralysis, decreased GSH and GST, increased
opamine receptors in the corpus striatum [37]. Ethyl acetate
nd methanolic extracts (50 mg/kg bw) of A.  calamus  was effec-
ive in preventing noise stress induced oxidative damage [38,39].
imilarly, methanolic extract prevents oxidative damage caused
y nickel chloride [40] or ethanol induced oxidative stress [41].
bove studies proved long term effect, the days of treatment
eriods are long and dose of the infusion is quite high. Our
resent study demonstrated the acute effect of the A.  calamus
xtract on stress induced alterations with a lesser dose and also
e proved that A.  calamus  is effective in preventing the DNA
amage induced by oxidative stress.
Stress is an inescapable fact of life and exposure to stressful
ituations is among the most common human experiences. It isuman Wellness 5 (2016) 76–84 83
eported that exposure to stress can stimulate many metabolic
athways leading to increased production of the oxygen free
adicals [42,43]. Various stressors viz.  immobilization [44,45],
estraint [46] and cold stress [47] are known to induce oxida-
ive stress. However an animal model which can be used to get
esults within a short duration (1 day) was used in our present
tudy, wherein 2 h after restraint there was a significant decrease
n plasma total antioxidant activity compared to initial level (0 h)
nd it was further significantly decreased 4 h after forced swim-
ing exercise. Thus significant drop in plasma total antioxidant
ctivity was achieved within 9 h of experimental duration in
his rat model. This model mimics the human life situations,
s a person is subjected to acute stressors several times in a
ay due to life events. Oral administration of benzene extract,
rior to stress treatment, prevented stress induced decrease in
lasma total antioxidant activity following RS or FS. A dose of
 mg/kg body weight was minimum effective dose as its pre-
entive effects were similar to antioxidant activity of a standard
ntioxidant vitamin C.
Thus present study clearly demonstrates that benzene extract
f A.  calamus  is a source of most potent antioxidant compound
s it exerts its action by inhibiting different mechanisms of free
adical generation or scavenging as shown by in  vitro  assays as
ell as its efficacy in  vivo. However, the components responsible
or the above mentioned activity are currently unclear. There-
ore, our studies are underway to isolate and identify the potent
ntioxidant molecules in the rhizome of A. calamus  and to study
heir health benefits.
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